Background: Melissa officinalis (MO) has potent antioxidant activity. Recent research has demonstrated the anti-ulcer properties of some medicinal plants through their antioxidant properties. Objectives: The aim of this study was to evaluate the effects of methanolic extracts of MO on experimental gastric ulcers in rats. Materials and Methods: Male Wistar rats (200 -250 g) were starved for 24 hours prior to the induction of gastric ulceration by either indomethacin (48 mg/kg/oral) or water immersion restraint (WIR) stress. Experimental rats received either ranitidine (25 mg/kg) or MO extract (150, 300 and 450mg/kg) orally 2 hours prior to WIR stress or indomethacin treatment, for the evaluation of their gastroprotective effects. The control group received the same volume of saline. Gastric lesions were scored according to the surface of lesions on the ulcer index. Superoxide dismutase (SOD) and glutathione peroxidase (GPX) were determined as measures of antioxidant defense, and malondialdehyde (MDA) was determined to measure tissue oxidation.
Background
Gastrointestinal tract (GIT) ulcers may be induced by the use of non-steroidal anti-inflammatory drugs (NSAIDs), glucocorticoids, alcohol consumption, continuous stress, long periods of starvation, and smoking. Helicobacter pylori is the most common cause of gastroduodenal ulcers, followed by the use of NSAIDs, such as aspirin (1) (2) (3) . Peptic ulcer complications, including hemorrhage and perforation, remain a substantial healthcare problem that has a substantial economic impact on patients (1, 4) . Although H2-receptor blockers such as famotidine and proton pump inhibitors (PPIs), including omeprazole, can effectively reduce the risk of peptic ulcer hemorrhage, the prevalence of adverse drug reactions may limit their use, so the search for and development of natural products with fewer adverse effects is of special interest (4).
The smooth muscle cells, macrophage, and metabolism of arachidonic acid generate reactive oxygen species or free radicals that may contribute to gastric mucosal damage. Therefore, natural products containing antioxidants such as flavonoids, tocopherol, and carotenoids may show protective effects against several human diseases related to the reactions of free radicals Copyright © 2016, Iranian Red Crescent Medical Journal. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited. (5) (6) (7) (8) . Antioxidants are potent free radical scavengers or have hydroxyl radical scavenging activity and inhibit the lipid peroxidation of cell membranes with decreases in malondialdehyde (MDA) production as an indicator of lipid peroxidation (9) (10) (11) .
Melissa officinalis (MO) is a plant native to southern Europe and the eastern Mediterranean region. In traditional medicine, MO is used as an anti-seizure, mild sedative and/or calming agent, and for the attenuation of laboratory-induced stress in humans. It has also been shown to improve cognitive performance and mood (12, 13) . Other studies have shown the beneficial effect of MO extract in the management of mild to moderate Alzheimer's disease (14) .
MO posses antispasmodic properties and is effective in the treatment of infantile colic (15) . Other investigators have reported the radical scavenging properties and antiproliferative activities of extracts of M. officinalis (16) .
Melissa officinalis possesses strong antioxidant activity, as reported by most investigators (17, 18) ; its major components include a-tocopherol, rosmarinic acid, hydroxycinnamic acid derivatives, and flavonoids with caffeic acid, m-coumaric acid, eriodictyol-7-O-glucoside, naringin, hesperidin, rosmarinic acid, naringenin, and hesperetin (17, 19) .
There are several reports indicating the anti-ulcer properties of some medicinal plants through their gastroprotective effects, antioxidant properties, and woundhealing effects (5, 6, 8, (20) (21) (22) .
Objectives
Despite the strong antioxidant activity of MO and the contribution of antioxidant activity on gastric mucosal protection, there have been no documented reports on MO antioxidant activity and experimentally induced peptic ulcers, so it was considered important to investigate the possible gastroprotective/or anti-ulcer effects of MO's methanolic extracts on experimental gastric ulcers in rats.
Materials and Methods

Animals
This experimental study used male Wistar rats (200 -250g). The rats had free access to food and water, and all rats were kept in 12 hours light/dark cycles. The temperature of the animals' room was kept constant, at 23 ± 1°C.
The humidity of animal room was the same as that of Kerman city's environment, which ranges between 35 and 42 percent in the spring season.
All of the experiments were designed to minimize the animals' suffering and to use the minimum number of rats (n = 6 -8). The animals were allowed to habituate to the laboratory surroundings for at least one hour before the start of the experiments. Animal care was approved by the local ethical committee of Kerman University of Medical Sciences, according to the guidelines for the Use of laboratory animals (K 92-25).
Preparation of Plant Extract
M. officinalis was collected in the spring of 2013 from local herbal medicines stores in Kerman, Iran and identified and confirmed by the department of botany, at Shahid Bahonar University in Kerman. MO leaves were air-dried and powdered, and then 100 g of powder was soaked in 1000 mL of 80% methanol (Merck Company, Germany) for 72 hours. The extract was shaken, filtered, and evaporated in a rotating evaporator under reduced pressure until dryness was achieved. A semi-solid mass of 7.6% W/W was prepared after evaporation and solvent removal of methanolic extract.
The extract was kept in a clean, dried bottle that was placed in a desiccator. A stock solution of the extract was prepared by dissolving 10 g of extract in 100 mL of distilled water to prepare a 100 mg/mL concentration. Stock solution was diluted with distilled water to prepare other concentrations. The extract was given orally by gavage at 0.5 mL/100g BW.
Indomethacin-Induced Gastric Ulceration
Rats from both the control and experimental groups were starved for 24 hours prior to the experiments, with free access to water. Indomethacin (48 mg/kg/oral) was used for induction of gastric ulceration (23) . Experimental rats received either ranitidine (25 mg/kg) or MO extract (150, 300 and 450 mg/kg) orally 2 hours prior to indomethacin treatment for the evaluation of their gastroprotective effects. The control group received the same volume of saline.
Water Immersion Restraint (WIR) Stress
After 24 hours starvation, rats received MO methanolic extract (150, 300 and 450 mg/kg) orally, and after 2 hours the animals were restrained in a wire cage and immersed up to xyphoid process in water at 22 -23˚C for 5 hours to produce WIR stress-induced gastric mucosal lesions (24) . Experimental groups received MO extract and ranitidine with the same protocol as the indomethacin-treated rats. The control group received the same volume of saline.
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Biochemical Measurements and Histopathological Examination
Four hours after the last dose of the specific treatment, the WIR stress groups and indomethacin treated rats were sacrificed under thiopental (60 mg/kg/i.p.) anesthesia and serum samples were separated for the measurement of indices of lipid peroxidation activity (SOD activity, GPX, and MDA levels). Then, the stomachs were removed and fixed with 10% formaldehyde for 10 minutes and cut open along with the greater curvature. The gastric mucosa was carefully examined for gastric lesions under a stereoscopic microscope (× 10) by two pathologists, working independently, who were blind to the experiments. A kappa coefficient of greater than 80% was used to quantify actual levels of agreement indices between the two pathological results.
Gastric lesions were scored from 1 -5, according to the surface of mucosal lesions as follows for the determination of the ulcer index: 0, no pathology; 1, a small pinhead ulcer spot; and 2 -5 for mucosal lesions of 2 -5 mm length (9) . The mean ulcer index was determined as the sum of the total scores divided by the number of animals.
Lipid Peroxidation Measurement
Malondialdehyde (MDA) is the major product of lipid peroxidation, and its measurement has been used as an indicator of mucosal damage. Lipid peroxidation is analyzed by measuring thiobarbituric acid-reactive substances (TBARS) in plasma using the Botsoglou method adapted for our purposes (25) . Briefly, the samples (250 µL) were mixed with 1 mL of 10% trichloroacetic acid (TCA) and 1 mL of 0.67% thiobarbituric acid. Then, samples were placed in a boiling water bath for 15 minutes and n-butylalcohol (2:1 v:v) was added to the solution. After centrifugation (4000 g, 15 minutes), TBARS were determined from the absorbance at 535 nm, using a spectrophotometer (Pharmacia Biotech; England). The results were expressed as µmol/L. One unit of SOD is that which causes a 50% inhibition of the rate of reduction of INT under the conditions of the assay. SOD activity value was expressed as U/mL serum.
Glutathione peroxidase (GPX) is an enzyme found in cytoplasmic and mitochondrial fractions of cells. GPX catalyses the oxidation of glutathione (GSH) by cumene hydroperoxide. The oxidized glutathione is converted to the reduced form in the presence of glutathione reductase and NADPH. In this reaction, the NADPH is oxidized to NADP + simultaneously. A commercial kit was used to measure GPX levels in heparinized whole blood. The decrease in absorbance at 340 nm is then measured by a spectrophotometer (Pharmacia Biotech; England), according to the method used by Paglia and Valentine (27) . GPX activity value was expressed as U/mL serum.
Statistical Analysis
The normality distribution of the data was evaluated by box-and-whisker plots and the Kolmogorov-Smirnov (K-S) of normality. The sample size was determined using the comparison of means in two different groups of rats with alpha = 5% and a power of 80%. All of the data were expressed as the means ± SD of 6 -8 rats in each group. The ulcer index values and SOD, GPX, and MDA levels were analyzed using one-way ANOVA, followed by Tukey's test. Differences with P < 0.05 were considered significant.
Results
The Effects of MO Extract on WIR Stress-Induced Gastric Ulcers
The results of this study showed that gastric mucosal lesions developed in rats subjected to WIR stress over a 5 hours period, and the ulcer index in WIR stress rats (2.4 ± 0.15) was significantly different from the saline-treated rats (1.4 ± 0.29) (Table 1) (P < 0.01). MO extract (150, 300 and 450 mg/kg) orally 2 hours prior to WIR stress significantly decreased the ulcer index in the WIR stress groups (1.5 ± 0.17; 1.5 ± 0.22, 1.8 ± 0.31, respectively), as compared to the WIR group (2.4 ± 0.15) (P < 0.01). There was no significant difference in the ulcer index in MO methanolic extract-(150 and 300 mg/kg) and ranitidine-treated rats (P > 0.05). Also, the ulcer index following MO methanolic extract (450 mg/kg) in WIR stress rats (1.8 ± 0.31) was significantly different from the saline-treated rats (1.4 ± 0.29) (P < 0.05) ( Table 1) . 
The Effects of MO Extract on Indomethacin Induced Gastric Ulcers
In this study, indomethacin-treated rats showed gastric mucosal lesions over a 4 hours period, and the ulcer index in indomethacin-treated rats (2.5 ± 0.28) was significantly different from that of saline-treated rats (1.4 ± 0.29) (P < 0.01). Pretreatment with MO methanolic extract (150 and 300 mg/kg) significantly decreased the development of gastric mucosal lesions (1.3 ± 0.09 and 1.5 ± 0.19, respectively), as compared to saline-treated rats (1.4 ± 0.29) (P < 0.01). Also, ulcer index ratings in ranitidine-treated rats (25 mg/kg) (1.6 ± 0.14) were significantly lower than indomethacin-treated rats (2.5 ± 0.28) (P < 0.01). Our results showed that ulcer index in MO methanolic extract at doses of 450 mg/kg (2.4 ± 0.26) prior to indomethacin was not significantly different from indomethacin-treated rats (2.5 ± 0.28) ( Table 2) . In other words, MO methanolic extract (450 mg/kg) did not prevent indomethacin-induced gastric ulcerations, as compared to the control rats (Table  2) . Also, there was no significant difference in the ulcer index in the MO methanolic extract-(150 and 300 mg/kg) and ranitidine-treated groups (1.3 ± 0.09 and 1.5 ± 0.19 in MO group, respectively, vs. 1.6 ± 0.14 in the ranitidine group) (P > 0.05) ( Table 2 ).
The Effects of MO Extract on Lipid Peroxidation
The administration of indomethacin caused a significant decrease in the levels of SOD (130 ± 33.3 U/mL) and GPX (2175 ± 942 U/mL) and an increase in the malondialdehyde MDA level (7.2 ± 1.1 µmol/L), as compared to the control (4.5 ± 1.9) (P < 0.01). The administration of MO methanolic extract (150 and 300 mg/kg) reversed the trend. In this study, MO extract (150, 300 mg/kg) caused a significant decrease in MDA levels (0.69 ± 0.6 µmol/L, 0.85 ± 0.24 µmol/L, respectively) compared with that of the control group (4.5 ± 1.9 µmol/L) (P < 0.01 and P < 0.001, respectively) ( Table   3) . Also, serum GPX activity was significantly increased in 150 mg/kg and 300mg/kg MO methanolic extract-treated groups (8273 ± 3049 U/mL, 14574 ± 5012 U/mL vs. 3236 ± 1699 U/mL in the control group (P < 0.001) (Table 3) .
Furthermore, the level of SOD activity increased significantly in the MO methanolic extract-treated group (150 mg/kg and 300mg/kg), as compared with those of the saline group (296.3 ± 146.4 U/mL, 561.4 ± 120 U/mL in MOtreated vs. 190.2 ± 63.8 U/mL in control group; P < 0.01 and P < 0.001) (Table 3) . However, the effect of high doses of MO methanolic extract (450 mg/kg) on indices of lipid peroxidation activity (SOD activity, GPX, and MDA levels) was not significantly different from the saline treated group (Table  3) .
Discussion
In this study, we examined the effects of antioxidant properties and the gastroprotective effect of MO methanolic extract in experimental gastric ulcers with either WIR stress or indomethacin treatment in rats. The development of gastric mucosal lesions was found to occur with both WIR stress and indomethacin treatment. Our results showed that pretreatment with MO methanolic extract (150 mg/kg and 300 mg/kg) significantly reduced the ulcer index in both groups of rats exposed to either WIR stress/and or indomethacin treatment, the same as in ranitidine treated rats. The administration of indomethacin caused a significant decrease in the levels of SOD and GPX and an increase in the MDA level. This trend was reversed with MO methanolic extract pretreatment. MO methanolic extract significantly increased the SOD and GPX levels as measures of the antioxidative properties of cells and a mg/kg) orally 2 hours prior to indomethacin treatment for the evaluation of their gastroprotective effects. The control group received the same volume of saline. N = 6 -8 rats. b P < 0.01 as compared to control. c P < 0.01 as compared to Ind + saline. d P < 0.05 as compared to Ind + MO extract (150, 300 mg/kg). significant reduction in MDA levels, which is a biochemical indicator of oxidative damage and lipid peroxidation product.
The development of gastroduodunal ulcers may be modulated by aggressive factors (the rate of acid-pepsin secretion, mucosal blood flow, and acute inflammation) and endogenous protective agents, such as prostaglandins. Gastric ulcers may result in an imbalance between damaging factors, including oxidative stress and protective mechanisms such as antioxidants (1, 28, 29) . Reactive oxygen species (ROS) are needed for normal functioning of the organism and usually are generated through numerous normal metabolic processes (29) . Oxidative stress is believed to initiate and aggravate many diseases, including peptic ulcers. The mechanism of the development of gastroduodunal ulcers and experimental mucosal damage in rats' stomachs by either indomethacin and /or WIR stress may be through the impairment of the antioxidative enzyme activity of cells and the generation of ROS due to the generation of lipid peroxides (28) .
The anti-ulcerogenic pharmacological effects of many plants is related to their flavonoid contents, which contain multiple OH substitutions with very strong antioxidant activity against peroxy radicals (10, 21) . The plant extracts that posses potential antioxidant properties may improve oxidative stress conditions and DNA damage and inhibit the initiation of lipid peroxidation, or they may block the enzymes necessary for the process of lipid peroxidation (30, 31) .
The major natural antioxidative components of MO include -tocopherol, rosmarinic acid, and flavonoids, naringin (17, 19) . The antioxidant activity of MO methanolic extract has been reported by other investigators, and monoterpene aldehydes and ketones were found to be the most powerful scavenging compounds in MO extract (16, 30, 32, 33) . Also, Neral and Beta-Caryophyllene were the most common components in the chemical analysis of essential oils of MO and the presence of phenolic comIran Red Crescent Med J. 2016; 18 (7):e24271. 5 pounds (Naral) is an indicator of antioxidant activity (7) . So, the gastroprotective effect of MO methanolic extract could be mediated via either an increase in the levels of the antioxidant enzymes SOD and GPX or a decrease in MDA as a biochemical indicator of cell damage and lipid peroxidation, or its potent natural antioxidant components, such as tocopherol (34) , rosmarinic acid, and flavonoids (32) . M. officinalis aqueous extract in Mn-treated mice significantly inhibited the antioxidant enzyme's activities and attenuated the oxidative damage, which shows its efficacy in attenuating Mn-induced oxidative stress in the mouse brain (35) . Lin et al. (2012) also reported that the extract of lemon balm leaves (Melissa officinalis) showed Cyclooxygenase-2 (COX-2) inhibitory activities through 12-O-teradecanoylphorbol-13-acetate in KB cells (36) . GPX catalyses the reduction of hydrogen peroxide, and the hydroperoxides formed from fatty acids and superoxide dismutase (SOD) role is to accelerate the dismutation of the toxic superoxide radical (O2•), produced during oxidative energy processes, to hydrogen peroxide and molecular oxygen, thus antioxidants can effectively remove toxic peroxides from living cells.
MO methanolic extract's antioxidant activity and its gastroprotective effect may contribute to the reduction of the volume and total of acidity, or increase the gastric fluid's PH (37) . Further investigation is needed to determine the effect of different antioxidative components of MO's methanolic extract on gastric ulcers. The gastroprotective effect of herbal plants may be mediated through other mechanism(s), such as wound healing effects, gastric mucosal protection, gastric mucous synthesis, and antibacterial effects against helicobacter pylori, so the antiulcer property of MO methanolic extract may be partly mediated through its antioxidant property. Further investigation is necessary to elucidate other possible mechanisms involved in its gastroprotective effects (5, 8, 36) . However, MO extract at doses of 450 mg/kg did not prevent WIR stress and indomethacin-induced gastric ulceration. The underlying mechanism has not yet been determined, but MO extract may show toxic effects at doses of 450 mg/kg, which abolish its beneficial antioxidant effects. Further investigation is needed to elucidate whether the occurrence of potential adverse reactions is related to dosages.
Our study has some limitations. First, we did not investigate the effects of major natural antioxidative components of MO methanolic extract on the ulcer index and biochemical parameters. Second, we did not evaluate the underlying MO gastroprotective mechanism(s), which need further investigation and elucidation.
Our results showed that MO methanolic extract may have a gastroprotective effect against experimental gastric ulcers in rats. The exact mechanism has not yet been determined, but it may be partly due to its enhancement of the enzymatic antioxidant defenses (SOD and GPX) and inhibiting the lipid peroxidation of cell membranes with decreases in MDA production as an indicator of lipid peroxidation. Also, the COX2 inhibitory activity of MO extract may play a role in its gastroprotective effects. Further research is needed to investigate the underlying mechanism(s).
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